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POTS is more prevalent in younger individuals and women (2, 10, 13, 23) . Recent studies have emphasized the importance of orthostatic disorders including POTS in pediatric and adolescent populations, as these disorders have significant social and health impacts on patients in these age groups (1, 3, 12) .
Recent reports have focused on the degree of postural tachycardia in younger individuals. It has become clear that younger individuals more frequently manifest postural tachycardia at levels greater than 30 beats/min with HUT (11, 14) . This has brought into question the diagnostic criteria of orthostatic disorders such as POTS and whether higher heart rate increments should be required in younger individuals. Furthermore, orthostatic symptoms can diverge from clinical data, in that patients' symptoms may improve with continuing postural tachycardia on HUT (4) .
The objective of the current manuscript was to determine whether higher postural heart rate increments during HUT correlate with symptoms of orthostatic intolerance.
MATERIALS AND METHODS
Subjects. Subject characteristics are described in Table 1 . Subjects included in this study ranged in age from 14 to 76 years. Subjects were reviewed to assure they did not have a history of orthostatic and/or autonomic dysfunction. Preliminary evaluations were performed by a neurologist (KK) and included a neurological exam and nerve conduction studies in the lower extremity to help exclude neuropathy. Further exclusion criteria included one or more of the following: 1) pregnant or lactating women, 2) the presence of another cause of autonomic failure, 3) the presence of failure of other organ systems or systemic illness that can affect autonomic function or the subject's ability to cooperate (these included dementia, pheochromocytoma, heart failure, hypertension, renal or hepatic disease, severe anemia, alcoholism, malignant neoplasms, hypothyroidism, sympathectomy, or cerebrovascular accidents), 4) concomitant therapy with anticholinergic, alpha-and beta-adrenergic antagonists or other medication which could interfere with testing of autonomic function, and 5) clinically significant coronary artery disease. We did not exclude female subjects taking oral contraceptive pills. Subjects were recruited locally over a 2-yr period, with a total of 120 healthy subjects included in the study. Ethical approval for the study was obtained from the local institutional ethics review board and written informed consent was obtained from each participant prior to study commencement.
Clinical autonomic testing. Standardized autonomic testing was performed as previously described (6, 9) in the Autonomic Disorders Laboratory at Western University, London, Ontario. The quantitative sudomotor axon reflex test (QSART) evaluates the postganglionic sympathetic sudomotor axon using a Q-Sweat device (WR Medical Electronics, Stillwater, MN) and multicompartmental sweat capsules. The resulting sweat response was recorded from four routine sites (forearm, proximal leg, distal leg, and foot). Results were compared with normative data derived from studies on 357 healthy subjects aged 10 -83 yr (8) . Cardiovagal function was assessed using heart rate response to deep breathing and Valsalva ratio with the results compared with normative data derived from 376 and 425 healthy subjects, respectively, aged 10 -83 yr (8) . In brief, subjects were asked to perform deep breathing cycles using visual cueing (heart rate response to deep breathing) and a Valsalva maneuver by way of forced exhalation (Valsalva ratio). Cardiovascular adrenergic function was evaluated by measuring blood pressure and heart rate responses to Valsalva maneuver and HUT (6, 9) .
Head-up tilt. Subjects were placed in the supine position for 15 min prior to testing. The subject's beat-to-beat blood pressure and heart rate responses were measured throughout testing using a BMEYE Nexfin device (Amsterdam, The Netherlands) and an ECG device (Model 3000 Cardiac Trigger Monitor, IVY Biomedical Systems, Branford, CT) with ECG electrodes (Ambu Blue Sensor SP, Glen Burnie, MD), respectively. All recordings were made using WR TestWorks software (WR Medical Electronics, Stillwater, MN). Baseline recordings were obtained for a minimum of 1 min. The subject was passively tilted to a 70°angle for a period of 5 min. Afterward, the subject was tilted back down to the supine position for a period of 5 min. Average heart rate was obtained prior to tilt and compared with the maximal heart rate between the 2nd and 5th min of HUT. The postural heart rate increment was then obtained by subtracting the average heart rate in the supine position from the maximal heart rate in the upright position.
Composite autonomic severity score. The composite autonomic severity score (CASS) is derived from the autonomic reflex screen as previously described (7) . The CASS provides a measure of the severity and distribution of autonomic failure and has been previously validated to quantify autonomic dysfunction on standard autonomic testing (7). The 10-point CASS is divided into three subscores: sudomotor (0 -3), cardiovagal (0 -3), and adrenergic (0 -4). Each score is normalized for the confounding variables of age and sex (8) .
The autonomic symptom profile. The autonomic symptom profile (ASP) is a validated self-report instrument designed to provide an index of autonomic symptom severity (21) . It yields a total score (COMPASS) reflecting overall severity of autonomic symptoms and 11 subscale scores that assess severity of symptoms within the following domains: orthostatic intolerance, sexual failure, bladder dysfunction, diarrhea, gastroparesis, secretomotor dysfunction, syncope, sleep disorder, constipation, vasomotor symptoms, and pupillomotor symptoms. In this study, the orthostatic subscore was used as a measure of orthostatic intolerance. The score ranged from 0 to 40, with higher scores indicative of greater orthostatic intolerance.
Statistical analyses. The Pearson's r correlation coefficient was used to determine significant correlation between variables. As the data were found to be normally distributed, an unpaired t-test was used to compare male and female postural heart rate increments on HUT. The data for each of the other comparisons was non-normally distributed, and thus the Mann Whitney test and Kruskal-Wallis tests were used for two and multiple group comparisons, respectively. A P value of Ͻ0.05 was considered statistically significant. All statistical analyses were performed using GraphPad Prism 4.02 (GraphPad Software, San Diego, CA).
RESULTS
Subject characteristics are presented in Table 1 Postural heart rate increment on HUT did not differ between men and women t(118) ϭ 0.71, P ϭ 0.48 (Ϫ5.99, 2.82), but did show a significant decrease by age group; H(2) ϭ 47.48, P Ͻ 0.0001 (see Table 2 ). In line with these results, there was a significant negative correlation between heart rate increment on HUT and age [r ϭ Ϫ0.63 (Ϫ0.73, Ϫ0.51), r 2 ϭ 0.400; P Ͻ 0.0001; see Fig. 1 ].
Conversely, there was a significant difference with respect to symptoms of orthostatic intolerance by sex (U ϭ 1,098, P ϭ 0.03) but not age [H(2) ϭ 1.082, P ϭ 0.58; see Table 2 ]. As a result, there was no significant correlation between either symptoms of orthostatic intolerance and age [r ϭ Ϫ0.13 (Ϫ0.31, 0.06), r 2 ϭ 0.017; P ϭ 0.17] or heart rate increment on HUT and symptoms of orthostatic intolerance [r ϭ 0.15 (Ϫ0.04, 0.33), r 2 ϭ 0.022; P ϭ 0.13].
DISCUSSION
This study reveals three main findings. First, younger individuals have higher heart rate increments on HUT as previously described. Second, subjects with greater postural heart rate increments did not demonstrate a greater degree of orthostatic intolerance. Third, younger individuals (who had statistically higher heart rate increments on HUT) did not experience a greater degree of orthostatic intolerance. A large retrospec- tive analysis of a busy primary referral center for autonomic testing indicated that the majority of pediatric patients suffered from POTS. More specifically, of the cases referred for autonomic evaluation over a 15-yr period, 71% were for POTS, whereas other forms of dysautonomia involving orthostatic hypotension were rare (5%) (22) . These results indicate that the majority of pediatric referrals are likely to be for postural tachycardias and/or orthostasis, in keeping with recent studies focusing on the importance of POTS in younger persons (1, 3, 12) . This highlights the importance of the diagnostic criteria for POTS in younger individuals and, more specifically, the importance of questions of validity with respect to the use of the same criteria in these patients as is used in older adult populations.
Our results are in keeping with previously published reports showing higher postural heart rates with HUT (14) . Interestingly, our data showed a significant correlation along a greater age range (14 -76 yr) than that previously reported (14) . Previous studies suggested that the heart rate increment on HUT used in the diagnosis of POTS (Ͼ30 beats/min) may require reconsideration for younger patients (Ͻ18 yr) (14, 15) . Our results demonstrated a significant correlation between heart rate increment with HUT and age along a broad range (14 -76 yr), suggesting that this portion of the diagnostic criteria for POTS may need to be reconsidered over a greater age range than just the pediatric population. More specifically, the criteria may also need to be reconsidered in slightly older populations (18 - 29 yr) ; it is unlikely that the mechanisms underlying primary POTS would differ to such a degree that teenage and young adult populations would be drastically different.
Our study differs from prior reports in that we evaluated the presence of orthostatic symptoms in daily life using the ASP (21) . Although POTS includes orthostatic symptoms during HUT in its definition and occurred in 74.2% of patients in a prior study (14) , we did not observe a significant degree of orthostatic symptoms in day-to-day life in our participants. This finding of three quarters of patients with orthostatic symptoms is still likely in keeping with our data that heart rate increment on HUT does not correlate with symptomatology, as only 6.2% of the patients' symptoms in the previous report were significant or associated with presyncope (14) .
The current study shows a divergence between symptoms and heart rate increment, further adding to the growing number of studies questioning the diagnostic criteria used for POTS in adult populations and their relevance to pediatric populations (14, 15) . Our study did not involve POTS patients in younger groups, as the diagnosis of these patients remains difficult for the reasons stated above. Prior prospective studies looking at treatment and prognosis in POTS have focused on older individuals (4). However, additional studies focusing on younger persons with POTS are needed to better define diagnostic criteria and treatment. Issues such as the unclear relationship between symptom improvement and reduction of postural tachycardia in response to treatment may be similar in pediatric, young adult, and older adult populations (4, 22) .
The pathophysiological mechanisms of orthostatic dysfunction in POTS have been well studied in younger populations, revealing specific roles for hypovolemia and peripheral and splanchnic blood flow and their relationship to the reninaldosterone system. The renin-aldosterone system in addition to angiotensin II levels has been strongly implicated in the pathophysiology of POTS (13, 19, 20) . In younger patients with POTS, angiotensin II is increased, with an associated low distal lower extremity peripheral blood flow and hypovolemia (16) . Furthermore, these patients with decreased peripheral blood flow and decreased angiotensin II levels have lower body mass indexes (19, 20) . Other associations with reduced splanchnic blood flow, blunted arterial vasoconstriction and passive redistribution (pooling) of blood in peripheral venous beds, have been shown in younger patients with POTS (17, 18) . More recently, a correlation between flow-mediated vasodilatation and nitric oxide synthase activity was seen in younger patients with POTS (5). Lastly, elevated hydrogen sulfide levels may distinguish patients with POTS from control subjects (24) . We are currently following asymptomatic individuals with higher postural heart rate increments on HUT in a prospective manner to examine the role these mechanisms may play in this particular population. Such a prospective study will also help to elucidate the potential role of these mechanisms in the development of the syndrome.
In conclusion, our study supports previous data showing higher heart rate increments on HUT in younger individuals. However, those individuals with increased postural heart rate increments did not demonstrate a greater degree of orthostatic symptoms. These findings lend further support to those previously raised concerns regarding the degree of postural tachycardia on HUT as it relates to the diagnostic criteria for POTS in younger individuals. Additional prospective studies are planned to determine whether individuals with higher postural heart rates increments develop symptoms of orthostasis and subsequently meet the diagnostic criteria for POTS.
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